different combinations of mobile communications. In these applications, it is advantageous to cover both frequency bands by an antenna having two well-separated bands (rather than one wide continuous band) where the antenna can work as the first stage of filtering. For example, an internal integrated dual band antenna having two separated bands for portable GPS/cellular phones was developed by adding a third thin layer (1 mm thickness) to the above compact cellular antenna configuration [7] .
Although Sanad's double C-patch antennas and our E-shaped antenna are similar in geometrical configurations, their RF operating mechanisms are vastly different. The wide-band E-shaped patch excites the horizontal mode of the patch and the slots are parallel to the mode while the double C-patch excites the vertical mode and the slots are vertical to the mode, as shown in Fig. 1 . Because of the different operating modes, the antennas have characteristically different features. The E-shaped patch antenna exhibits a wide bandwidth of over 30%, while its size is similar to normal patch antennas. The double C-patch antenna has a relatively compact size while its bandwidth is similar to normal patch antennas. To demonstrate the points above, the E-shaped patch antenna and the double C-patch antenna are contrasted in following aspects.
1) Feeding position The E-shaped patch: The feeding probe is located on the horizontal central line so that it will activate the horizontal mode and block the vertical mode.
The double C-patch: The feeding probe cannot be located on the horizontal central line since it is the "zero potential plane" for the double C-patch antenna. Instead, it is located on the vertical central line. As stated in [2] , "The shorted double C-patch antenna is fed between the aperture and the shorted edge on the central line of the antenna which passes through the center of the shorted edge."
2) Radiating edges
The E-shaped patch: The left and right edges are radiating edges.
The double C-patch: The top and bottom edges are radiating edges.
3) Radiation pattern and polarization
The E-shaped patch: The antenna radiates to boresight and it is only sensitive to one polarization.
The double C-patch: As stated in [2] , "the antenna is sensitive to both polarizations and the radiation patterns are quasi-isotropic."
4) Impedance bandwidth
The E-shaped patch: This has a much wider bandwidth than a normal patch antenna. It achieves a bandwidth of over 30% using a single-patch element.
The double C-patch: Even though it uses parasitic patches, the bandwidth is less than 6% (S11 < 10 dB criterion) according to [3, Fig. 2 ]. In [4] , both gap coupled and stacked parasitic patches are employed and the bandwidth is "equal to or greater than approximately 70 MHz at a frequency of approximately 850 MHz." So its bandwidth is still less than 10%.
5) Antenna size
The E-shaped patch: This has a similar size as the normal halfwavelength patch.
The double C-patch: As stated in [3] , "the size of each partially shorted double C-patch element is less than 25% of the size of the conventional half wavelength rectangular microstrip antenna."
From the comparison, it is clear that although our E-shaped patch antenna bears some geometrical configuration similarities with the double C-patch antenna, its radiating characteristics and applications are completely different. Therefore, we presented the E-shaped patch antenna as a novel wide-band microstrip antenna.
